Introduction
============

With the development and maturation of vitrectomy in recent years, most incurable retinal diseases in the past, such as retinal detachment, vitreous hemorrhage, and proliferative diabetic retinopathy, obtain an effective treatment.[@b1-opth-9-1379],[@b2-opth-9-1379] A significant number of cases are conducted by pars plana vitrectomy using the conventional 20-gauge (20G) technique, although the sutureless 23G and 25G vitrectomy techniques are being increasingly used.[@b3-opth-9-1379] In the conventional 20G vitrectomy, three large incisions requiring a 1.20 mm wide sclerotomy are made using a microvitreoretinal blade through the sclera after conjunctival peritomy. At the end of the procedure, absorbable sutures are used to simultaneously close the scleral and conjunctival wounds.[@b4-opth-9-1379] This may cause discomforts such as postoperative pain, foreign body sensation, itching, and dryness to patients.[@b5-opth-9-1379] Conflicting with previous studies,[@b5-opth-9-1379],[@b6-opth-9-1379] few patients suffer severe postoperative pain after 20G vitrectomy in our clinical practices. But other common symptoms, such as foreign body sensation, dryness, and so on, are commonly encountered.

To date, there are few studies that focus on these postoperative discomforts, which possibly affect the quality of life for patients. Therefore, in order to provide a reference to the ophthalmologists for the prevention and treatment of any irritation symptoms, we performed a prospective study to evaluate the incidence and severity of pain and other ocular irritation symptoms after 20G pars plana vitrectomy.

Materials and methods
=====================

Subjects
--------

This prospective case series study was approved by the institutional ethics committee and followed the tenets of the Declaration of Helsinki. Patients who underwent primary 20G pars plana vitrectomy at the Central Hospital of Wuhan (Hubei, People's Republic of China) between January 2013 and December 2013 were enrolled. The procedures were fully explained to each patient, and each provided written informed consent.

Patients with monocular vitreoretinal pathology requiring pars plana vitrectomy performed under local anesthesia were enrolled. Patients with retinal detachment requiring scleral buckling, those who underwent surgery under general anesthesia, or those who had dementia or other diseases that may impair their cognitive function were excluded. In addition, we also excluded those patients who had other diseases including keratitis, scleritis, conjunctivitis, severe cataract, and glaucoma that could affect the assessment of postoperative symptoms.

Surgical technique
------------------

All pars plana vitrectomies in this study were performed using the same surgical technique by the same surgeon (FXA). After retrobulbar anesthesia, the 20G vitrectomy procedure began with three triangular incisions created using curved scissors in the conjunctiva at 3 o'clock and 9 o'clock. A 20G microvitreoretinal blade, inserted through the conjunctiva at an angle of 10°--15°, was used to create a scleral tunnel located 3.5 mm posterior to the limbus in phakic patients. The infusion cannula was inserted through the inferotemporal tunnel and was fixed with an 8-0 absorbable suture (Ethicon; Johnson & Johnson, New Brunswick, NJ, USA). The 20G instruments were inserted into the other two tunnels that were placed at the superior quadrants. After vitrectomy, the sclerotomies and conjunctiva were closed with the 8-0 absorbable sutures, and dexamethasone (4.0 mg) and gentamicin (8.0 mg) were subconjunctivally injected. After the surgery, patients were given drops of antibiotics like ofloxacin eye ointment (3.5 g; Sinqi Co., Ltd., Shenyang, People's Republic of China) three times, once daily; recombinant human epidermal growth factor derivative eye drops (15,000 IU/3 mL; Watsin Genetech Co., Ltd., Shenzhen, People's Republic of China) four times, once daily; and corticosteroids like tobramycin and dexamethasone eye drops (5 mL:15 mg:5 mg; Alcon-Couvreur nv, Rijksweg, Belgium) four times, once daily.

Postoperative follow-up
-----------------------

Patients were examined before surgery and 1 day, 3 days, 7 days, 1 month, and 2 months postoperatively.

Main outcome measures
---------------------

The data were collected using a structured study form and a questionnaire. The following data were collected and analyzed: patient age and sex; indications for surgery; type of intravitreal tamponade (gas, silicone oil); operative time; intraocular pressure (IOP) ocular pain; the pain medication used; and other irritation symptoms including itching, foreign body sensation, burning, photophobia, and dryness. Pain was evaluated using the Numerical Rating Scale (NRS) with scores from 0 to 10, where 0= no pain, 1--3= mild pain, 4--6= moderate pain, and 7--10= severe pain.[@b7-opth-9-1379],[@b8-opth-9-1379] Patients were instructed and asked to select a single number that best represents the level of pain intensity that they are experiencing. Patients were asked whether analgesics like diclofenac sodium were needed to relieve ophthalmic pain. In addition, some yes/no and open-ended questions were used to ask patients to evaluate the presence and severity of the other ocular irritation symptoms mentioned earlier.

Statistical analysis
--------------------

All data were recorded on Microsoft Excel spreadsheets. Continuous variables were expressed as the mean ± standard deviation (SD) if meeting the normal distribution, or using the median. The Wilcoxon signed-rank test was used to estimate differences of IOP before and after surgery. The correlation between IOP and postoperative pain was evaluated by Pearson's correlation test. For binary dependent variables, we used McNemar's chi-squared test. Statistical analysis was performed using the SPSS PASW Statistics version 18.0 (IBM Corporation, Armonk, NY, USA). *P*-values less than 0.05 were considered statistically significant.

Results
=======

Patient characteristics
-----------------------

A total of 110 consecutive patients were enrolled in this study. However, for four patients, the scheduled operation was cancelled because they gave up treatment. Ten patients were further excluded because of the concurrent cataract, and thus underwent vitrectomy combined with phacoemulsification. No complete postoperative data were available for nine patients because they gave up during the follow-up process. As a result, a total of 87 patients (41 men and 46 women) aged between 22 and 80 years (median: 60 years) were included in the final analysis. Their demographic characteristics and indications for surgery are recorded in [Table 1](#t1-opth-9-1379){ref-type="table"}. The number of patients who underwent 20G vitrectomy with the different operation modes and different types of intravitreal injections (gas, silicone oil) are shown in [Table 2](#t2-opth-9-1379){ref-type="table"}.

Pain scores
-----------

The median of pre- and postoperative pain scores are shown in [Figure 1A](#f1-opth-9-1379){ref-type="fig"}. At baseline before the surgery, there were four patients (4.6%) that reported ocular pain, and one of them had a pain score of 4 points (moderate pain). The other patients did not report any preoperative pain, with a pain score of 0. Before surgery, the average pain score was 0.08 (SD: 0.46) before surgery.

At 1 day after surgery, 43 patients (49.4%) reported ocular pain. The average pain score was 1.30 (SD: 1.60). Thirty-two patients had mild pain (1--3 points) and eleven patients had moderate pain (4--5 points). However, only four patients with moderate pain needed the analgesics (orally administered diclofenac sodium) to alleviate the pain, while other patients could endure the pain.

At 3 days after surgery, 39 patients (44.8%) reported ocular pain. The average pain score was 1.03 (SD: 1.38). Thirty-four patients had mild pain and five patients had moderate pain. However, only two of these 39 patients with pain had taken analgesics (orally administered diclofenac sodium) to alleviate the pain.

At 7 days after surgery, 31 of 87 patients (35.6%) reported pain, and the average pain score was 0.62 (SD: 1.03). Thirty patients had mild pain and one patient had moderate pain. However, none of the patients with ocular pain had taken any analgesics to alleviate the pain.

At 1 month after surgery, 20 of 87 patients (23.0%) reported mild pain, and the pain score ranged from 1 to 3 points. The average pain score was 0.30 (SD: 0.61). None of the patients had taken analgesics to alleviate the pain.

At 2 months after surgery, eleven of 87 patients (12.6%) reported mild pain, and the pain score ranged from 1 to 2 points. The average pain score was 0.14 (SD: 0.38). None of the patients had taken analgesics to alleviate the pain.

IOP
---

The median overall preoperative IOP was 13 mmHg (range: 5--24 mmHg). The median postoperative IOP values were 17 mmHg (range: 10--50 mmHg) (compared with preoperative; *P*\<0.05) at day 1, 17 mmHg (range: 8--50 mmHg) (*P*\<0.05) at day 3, 15 mmHg (range: 10--49 mmHg) (*P*\<0.05) at day 7, 15 mmHg (range: 10--21 mmHg) (*P*\<0.05) at 1 month, and 14 mmHg (range: 10--25 mmHg) (*P*\<0.05) at 2 months. The median IOP values pre- and postoperatively are shown in [Figure 1B](#f1-opth-9-1379){ref-type="fig"}. A postoperative rise of IOP was noted in 25 (28.7%) patients at day 1, 18 (20.7%) patients at day 3, 12 (13.8%) patients at day 7, two (2.3%) patients at 1 month, and two (2.3%) patients at 2 months after surgery. Most of these patients with high IOP had moderate pain. Strong correlations were found between the IOP and the postoperative pain at day 1 (*r*=0.427; *P*\<0.05), day 3(*r*=0.493; *P*\<0.05), day 7 (*r*=0.288; *P*\<0.05), and 1 month (*r*=0.346; *P*\<0.05), but they were not found at 2 months (*r*=0.022; *P*\>0.05).

Other ocular symptoms
---------------------

Before surgery, less than 11% of patients reported ocular symptoms, such as itching, foreign body sensation, burning, photophobia, and dryness ([Figure 2](#f2-opth-9-1379){ref-type="fig"}). However, these symptoms occurred frequently after surgery, with foreign body sensation (49.4% at day 1, 47.1% at day 3, and 46% at day 7) being the most common symptom to occur within 1 week after surgery; it was then reduced significantly after 1 week (*P*\<0.05). Other symptoms like photophobia and itching maintained a prevalence rate of approximately 20% and 10%, respectively, until the end of the follow-up. The number of patients that experienced a burning sensation was increased within 1 week, and it significantly declined 1 week later (*P*\<0.05). However, the prevalence of ocular dryness was gradually increased during the follow-up period after surgery (from 4.6% at day 1 to 30.1% at month 2). Nevertheless, there were still one-quarter of patients that had foreign body sensation and dryness symptoms at month 2 after surgery.

Discussion
==========

At present, sutureless 23G and 25G pars plana vitrectomies are increasing in popularity. Compared to the 20G vitrectomy, sutureless 23G and 25G techniques can decrease patients' discomfort, shorten operation times, and improve postoperative astigmatism because of no conjunctival peritomy.[@b4-opth-9-1379],[@b9-opth-9-1379]--[@b11-opth-9-1379] However, 23G or 25G vitrectomies also have certain disadvantages. For example, instruments used for the smaller-gauge procedure are flexible, leading to difficulty with the clearance of dense vitreous hemorrhage.[@b12-opth-9-1379] Moreover, it is difficult to inject high-viscosity silicone oil into the vitreous body with the smaller-gauge techniques.[@b13-opth-9-1379] Furthermore, both 23G and 25G vitrectomies require completely different sets of instruments, making surgery costs higher than for 20G vitrectomy.[@b14-opth-9-1379] Thus, we believe that the 20G vitrectomy is able to show some advantages when compared with the 23G and 25G vitrectomies, and it provides some additional benefits. It uses nonflexible and cheaper surgical instruments, and it is qualified for use in many complex vitreoretinal diseases.[@b15-opth-9-1379]--[@b17-opth-9-1379] With the 20G scleral tunnel, it is possible to use high-speed cutters with high infusion/aspiration rates, giving the surgeon better control. It is also easy to perform injections of high-viscosity silicone oil.[@b18-opth-9-1379] Meanwhile, 20G, 23G, and 25G vitrectomies are equally effective for curing some retinal diseases, such as pseudophakic rhegmatogenous retinal detachment.[@b19-opth-9-1379] Therefore, although the sutureless 23G and 25G techniques developed well, it is still appropriate and preferable to choose 20G vitrectomy systems for treating some vitreoretinal diseases, especially in the People's Republic of China, which has a large population and is an economically underdeveloped country.

This was one of the follow-up studies featuring postoperative discomfort as a primary outcome measure among Chinese people after 20G pars plana vitrectomy. Our data showed that pain and other ocular symptoms were relatively common after 20G pars plana vitrectomy. However, postoperative pain and ocular irritation symptoms varied between individuals and varied in duration. In this study, approximately half of the patients reported mild and moderate pain and serious foreign body sensation within 1 week, and these symptoms were then reduced during the follow-up process. At the end of the follow-up, there was still one-quarter of patients that reported foreign body sensation and dryness symptoms, although most of the patients recovered with no discomfort. Other symptoms, such as pain, itching, burning, and photophobia, also existed in some patients at 2 months. In view of this, to prevent and alleviate postoperative discomfort, patients with continuous postoperative pain or other ocular symptoms must be identified, and appropriate counseling and drug treatment should be provided.

To the best of our knowledge, many factors can make patients experience postoperative ocular pain, including corneal epithelial defects, extensive conjunctival dissection, muscle isolation, release of adhesions at reoperation, placement of large buckling elements, and choroidal effusions.[@b20-opth-9-1379] That should also include the scleral wound and postoperative uveitis. Nevertheless, IOP often increases significantly on the first day after 20G vitrectomy, and the elevated IOP will also lead to ocular pain.[@b21-opth-9-1379] In this study, we found that high IOP was commonly encountered within 1 week after surgery, and that most patients reported moderate pain with an IOP greater than 30 mmHg. This means that the postoperative ocular pain was not only related to the conjunctival--scleral incisions and postoperative uveitis, but also with the occurrence of high IOP. Moreover, the serious foreign body sensation may be related to the sutures of the conjunctival incisions[@b22-opth-9-1379] that cause an inflammatory process around the sutures.[@b5-opth-9-1379] With the absorption of the sutures, the foreign body sensation was gradually alleviated.

A previous study reported that the postoperative ocular irritation symptoms may be associated with systemic diseases, such as diabetes mellitus, hypertension, rheumatoid disease, thyroid dysfunction, cancer, and so on.[@b23-opth-9-1379] At the same time, ocular symptoms perhaps also occur in association with advanced age, which may affect symptom perception and expression. Elderly individuals often have different severity levels of dry eye syndrome and various other ocular symptoms.[@b24-opth-9-1379] However, in the present study, the patients were relatively young (median: 60 years; range: 22--80 years) and the prevalence of patients with systemic diseases such as diabetes mellitus (21.8%) and hypertension (5.7%) was not high. As such, we hold the opinion that, to some extent, the ocular symptoms were related to surgery. The 20G vitrectomy, which requires three large incisions on the conjunctiva and sclera, features a long operation time; it also damages the microenvironment of the ocular surface, resulting in a number of the different ocular symptoms that occurred.

In the present study, only four patients were given analgesics to alleviate ocular pain during the first postoperative week. The number of patients were significantly lower than that reported in the data of a previous retrospective study.[@b6-opth-9-1379] In that study, there were 64 patients taking pain medications during the first postoperative week.[@b6-opth-9-1379] This difference may be related to the point that Chinese people regard postoperative pain is a normal process after surgery, and that there is no need for oral analgesic drugs to alleviate mild and moderate pain.

The study has some limitations with respect to both the experimental design and the outcome measures. First, the sample size was too small to confirm whether analgesics must be used. Second, the duration was limited to 2 months, meaning that we were unable to determine whether these irritation symptoms would disappear 2 months later. Furthermore, we only chose five common ocular symptoms for observation, while any other irritation symptoms were not investigated, such as lacrimation, sense of acupuncture, and so on. In addition, we were unable to explore the dry eye symptoms adopting the methods of tear break-up time, corneal fluorescein staining, the Schirmer I test, and corneal sensitivity.

Conclusion
==========

In conclusion, at least half of the patients have mild and moderate ocular pain after 20G vitrectomy, which may last up to 2 months in some patients. Other ocular irritation symptoms were also present, and they varied based on the longer duration of follow-up. Thus, the discomforts after 20G pars plana vitrectomy must be of concern, and their timely management should be provided as part of routine postoperative care. Drugs such as analgesics, nonsteroidal anti-inflammatory drugs, and artificial tears may be helpful in alleviating the ocular pain and irritation symptoms after 20G vitrectomy.

**Disclosure**

The authors report no conflicts of interest in this work.

![The median pain score and IOP values pre- and postoperatively.\
**Notes:** (**A**) Median pain score; (**B**) IOP values. The dots indicate maximum value, minimum value and average value.\
**Abbreviation:** IOP, intraocular pressure.](opth-9-1379Fig1){#f1-opth-9-1379}

![Variation in the number of patients with any ocular irritation symptoms before and after 20-gauge vitrectomy.](opth-9-1379Fig2){#f2-opth-9-1379}

###### 

Demographic and indications for surgery in 87 patients who underwent 20-gauge vitrectomy

  Characteristic                       Number of patients (%)
  ------------------------------------ ------------------------
  Sex                                  
   Male                                41 (47)
   Female                              46 (53)
  Mean age (years)                     58.9
  Concomitant diseases                 
   Diabetes mellitus                   19 (21.8)
   Hypertension                        5 (5.7)
  Mean operative time (minutes)        109.4
  Indication for surgery               
   Rhegmatogenous retinal detachment   50 (57.5)
   Vitreous hemorrhage                 24 (27.6)
   Diabetic retinopathy                5 (5.7)
   Epiretinal membranes                4 (4.6)
   Vitreous opacity                    1 (1.1)
   Acute retinal necrosis              1 (1.1)
   Intraocular foreign body            1 (1.1)
   Retinal breaks                      1 (1.1)

###### 

Number of patients who underwent vitrectomy with different operation modes and different types of intravitreal tamponade

  Operation mode and intravitreal tamponade   Number of patients (%)
  ------------------------------------------- ------------------------
  Laser                                       18 (20.7)
  Freeze                                      2 (2.3)
  Gas                                         1 (1.1)
  Laser + gas                                 7 (8.1)
  Freeze + gas                                2 (2.3)
  Laser + silicone oil                        33 (37.9)
  Freeze + silicone oil                       17 (19.5)
  Laser + freeze + silicone oil               3 (3.5)
  None                                        4 (4.6)
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